Determination of urinary metabolites of caffeine for the assessment of cytochrome P4501A2, xanthine oxidase, and N-acetyltransferase activity in humans.
Caffeine metabolism via the 3-demethylation pathway is sequentially catalyzed by cytochrome P4501A2 (CYP1A2), xanthine oxidase, and N-acetyltransferase. The activities of the three enzymes can be estimated from urinary metabolic ratios of four caffeine metabolites, 5-acetylamino-6-formylamino-3-methyluracil (AFMU), 1-methyluric acid (1MU), 1-methylxanthine (1MX), and 1,7-dimethyluric acid (17DMU), after the ingestion of caffeine. A method for quantitation of the four metabolites in human urine has been developed. The method is based on a one-step extraction with ethyl acetate/2-propanol followed by high-performance liquid chromatography with UV detection. The detection limit was 1 microM for AFMU, 1MU, and 1MX and 2 microM for 17DMU. The intraday and interday coefficients of variation were < 3% and < 7%, respectively, and the accuracy was within +/- 3%. The method was employed in a population study of 277 healthy volunteers, each of whom ingested 200 mg caffeine and provided a urine sample approximately 6 h later. The metabolite concentration ranges in the urines were 2.1-327 microM, 4.0-744 microM, 4.9-598 microM, and 6.4-260 microM for AFMU, 1MU, 1MX, and 17DMU, respectively. The CYP1A2 ratio (AFMU + 1MU + 1MX/17DMU) was significantly lower in women than in men, excluding smokers and oral contraceptive users. The CYP1A2 ratio was higher in smokers than in nonsmokers, confirming the induction of CYP1A2 by smoking. In women using oral contraceptives, the CYP1A2 ratio was, as expected, significantly lower than in women not using oral contraceptives. For the N-acetyltransferase ratio (AFMU/1MX) and the xanthine oxidase ratio (1MU/1MX), no differences were seen in terms of sex, smoking habits, or the use of oral contraceptives. All results are in agreement with previous reports on CYP1A2, N-acetyltransferase, and xanthine oxidase activities in humans. Thus, the method is both analytically and biologically reliable for the assessment of CYP1A2, N-acetyltransferase, and xanthine oxidase in humans.